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This paper is concerned with the measurement 
of sebum secretion and with the mechanism by 
which it is controlled. It would not be possible to 
review all existing methods and all data on control 
mechanisms in the space available and so, on both 
scores, this paper is primarily concerned with the 
work of our own group. 
MEASUREMENT OF SEBUM SECRETION IN MAN 
We adopted the method of Strauss and Pochi 
(1961) because it seemed the most rational of the 
various methods. Aware of the criticisms of the 
method, we set out to study the cause of the great 
variability of results. H soon became apparent that 
the variation was both methodologic and biologic 
and we concluded that the method is not a direct 
measure of sebum secretion. 
Technical Factors 
1. A major cause of variation was the absorbent 
papers. The degree of absorbency varied several-
fold not only with different papers but even with 
batches of the same paper manufactured at differ-
ent times. Thus, the rate of sebum secretion 
measured with the papers varied accordingly 
(Cunliffe aild Shuster, 1969a). All the papers 
studied conformed to the recommendation of the 
original method, i.e., they could have passed as 
cigarette papers. Since absorbency cannot be de-
tected by the look and feel of the papers, each new 
batch of papers must be assessed. Pochi (personal 
communication) recently found no difference in 
absorbency between the papers used in Boston and 
Newcastle. 
2. Changes in ambient humidity, which are a 
source of error in weighing, were remedied by 
leaving the papers in individual desiccators until 
weighed. 
3. A 6-place analytical balance gave less day-to-
day zero shift than the 5-place balance; its accu-
racy was further protected by restricting its usc 
solely t.o the weighing of sebum samples. 
4. Despite the apparent simplicity of the assay, 
consistent results are obtained only with practice 
and care. 
Attention to these and other details led to an 
appreciable reduction in the variance of the results 
(Cunliffe and Shuster, J969a). 
What Doe!i the Absorbent Paper Method Measure? 
T he amount of sebum produced and the amount 
of sebum actually reacbinf{ the surface during a 
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3-hr collection period must be small compared 
with the volume of sebum in the gland, follicles , 
and horny layer. Therefore, it seemed unlikely that 
the small amount of lipid produced during a 
particular period pushes out onto the surface an 
exactly comparable mass oflipid. Direct confirma-
tion that we were not measuring sebum secretion 
came from a series of experiments during which 
sebum was collected in successive periods. These 
studies showed that sebum excretion was almost 
invariably less during the second and subsequent 
periods. However, since the results of these two 
periods are directly and linearly related, no choice 
could be made between them. In other words, we 
were not so much measuring true secretion as 
sampling an already secreted pool. Of course. a 
major factor controlling this pool is the rate of 
sebum secretion; but many other factors, ranging 
from the nature of surface keratin and the patu-
lousness of follicles to the absorbency of paper and 
skin temperature must also play a part. 
For these reasons it must not be assumed that a 
change in the amount of lipid collected from the 
su rface in the conditions of the assay necessarily 
means a change in the rate of sebum production by 
the glands. Thus, we believe that the method of 
Strauss and Pochi (1961) measures the rate of 
sebum excretion (SER) rather than the rate of 
sebum production. The view that human seba-
ceous glands respond slowly to androgen may be 
one illustration of the confusion between produc-
tion and excretion. In fact, in the rat a response to 
androgen is seen in days (Archibald and Shuster, 
1967; unpublished), presumably because with a 
smaller gland, sebum production in the gland is 
sooner reflected as excretion at the surface. 
Biologic Variables 
A number of poorly understood factors affects 
the measurement of SER in man and must be 
taken into account in the study of endocrine 
control mechanisms. 
Skin temperature. The effect of skin tempera-
ture can easily be shown by comparing the SER on 
opposite sides of the forehead (Cunliffe et aL, 
1970a), one side remaining at normal body temper-
ature and the other being heated or cooled. ft is not 
clear how much of this difference is biologic and 
how much physical. Heat decreases the viscosity of 
sebum (Burton, 1970) and this could alter the lipid 
absorbence of the papers (Cunliffe et al.. 1970). 
Skin temperature should be measured in all se-
quential or comparative studies and should be 
corrected by 10% per oc (Cunliffe et al., 1970). 
Circadian rhythm. There is a circadian rhythm 
in SER (Fig. 1) (Burton et aL, 1970a) which is not 
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due to skin temperature . Whether it represents a 
change in production or excretion is not yet known. 
lnneruation. Cholinergic blocking agents applied 
topically and for long periods of time and in doses 
sufficient to inhibit sweat gland function have no 
effect on the SER (Cartlidge et al.. 1972). The 
eiTect of a facial palsy is curious and unexplained . 
We studied the problem because we had noticed 
clinical seborrhea on the side of the paralysis in a 
few patients. A lower motor neuron lesion on one 
side of the forehead greatly increased the variance 
over that of the normal side, but there was no 
consistent overall increase in SER (Burton et al., 
197la). This could reflect a change in the size of 
the residual pool of sebum rather than in produc-
tion: such an effect could be due to immobility or 
changes in the keratin pool, for exam ple. 
Menses. Whether or not there is a change in SER 
with menses has been dis puted (Kal z and Scott. 
1956: Strauss and Kligman, 1961). We agree with 
the latter authors that consistent change could not 
be demonstrated in individual women. When. how-
ever. the data were corrected for the different cycle 
lengths and pooled. a slight but quite significant 
variation was shown (Burton et al.. 1972c). The 
smallness of the change in relation to the variance 
of the method would explain why the effect of the 
menstrual cycle could only be demonstrated statis-
tically and not in individuals. 
Acne. A most important factor and one which 
cuts acro!'\s mo~t stnrliPs is whether or not the 
subject has (Fig. 2) or has had (Fig. 3) acne. 
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FIG. 2: The clinical severity of acne (grades l-4) and 
SER are directly related . 
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F'IC. 3: The SER in patients who have had acne 
compared with the SER in individuals without a past 
history of acne. 
Patients with acne have seborrhea which persists 
after the acne has gone (Fig. 3) (Cunliffe and 
Shuster, 1969b). P atients and normal control sub-
jec ts therefore require careful matching with re-
spect to past or present acne. 
Despite its many teclmical snags and the many 
biologic variables, the method of Strauss and P ochi 
(1961) used carefully remains the most outstand-
ingly useful of the methods available for measuring 
sebum secretion in man. 
MEASUREMENT OF SEBUM SECRETION IN THE RAT 
Measuring the volume of a sebaceous gland is 
tedious and is at best only semiquantitative. More 
importan t ly. the assumption that volume and 
sebum secretion are related is unlikely and no 
doubt this is why it has never been es.tablished. 
For example, gland volume could remain the same 
while sebum secretion increased or decreased by 
a changed ra te of cell turnover. For these reasons 
we assess sebaceous gland aclivity by measur ing 
the rate of sebum secretion. The method was de-
veloped independently by Nikkari (1965) and 
Archibald and Shuster (1967). A different method 
has been described by Ebling and S kinner (1967). 
Unlike ours. the la tter method measures hair lipid 
and not total surface lipid. 
During the last few years. the topics studied 
by Ebling's group and ours have overlapped con-
siderably, but the results and conclusions of the 
two grou ps have differed. Since we believe these 
differences to be mostly technical, we describe 
and compare here our m~thod of measuring sebum 
secret ion (Archibald and Shuster, 1967. 1970) with 
their method for measuring hair lipid (Ebling and 
Skinner. 1967) . 
M ethod of Archibald and Shuster (1967, 1970) 
Rats are anesthetized and dipped up to their 
front paws in an ethanol- ether mixture (50/50/ 
v/v) for I min , and t he procedure is repeated with a 
fresh batch of solvent. Acetone is also suitable and 
is, in fact , used by Nikkari (1965). T his procedure 
removes approximately 90 percent of the surface 
lipid (Archibald and Shuster, 1970). The solvent is 
evaporated to dryness and t.he remaining lipid 
collected and weighed. This lipid is referred to as 
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basal sebum. Four days later, the whole procedure 
is repea ted, the solvent is evaporated, and the 
remaining lipid accurately weighed . The lipid 
collected on this second occasion was secreted 
during the preceding 4 days; thus the rate of sebu m 
secretion could be measured. 
What Does the Method Measure? 
The amount of lipid accumulating after the 
initial dip shows a linear increase until 4 to 5 day!i 
(Fig. 4), after which the rise is slower a nd a n 
equilibrium between production and loss is 
reached . At this stage, hair lipid has returned to its 
basal level. If measurements a re confined to the 
linear part of the curve (1- 4 days) lip id replace -
ment is a true measure of the ra te of sebum 
secretion. We can exclude the possibility that 
sebum replacement is due to physical factors (e.g., 
capillarity) because the lipid recovered would then 
decrease with repeated solvent extractions. We 
have found, however, that repeated 4-day mea-
surements of sebum replacement for a month 
showed no such reductions (Archibald and Shus-
ter, 1970) . 
It is a lso apparent that the epidermal component 
of the lipid collected by this technique is slight. 
The intercept produced when the sebum replace-
ment curve is extrapolated to zero time will give a 
measure of the extraction efficiency of the dipping 
procedure and the epidermal lipid component. As 
can be seen from Figure 4. most of the intercept 
can be accounted for by the 90% efficiency of the 
dipping procedure; the contribution of epidermal 
lipid is therefore negligible. The rate of lipid 
replace ment after immersion in solvent is the same 
over the first hours as after several days (Fig. 5). 
Because of the slow turnover of the epidermis, 
epidermal lipid could not possibly be replaced in 
thi s time. Even iJ degreasing did stimulate epider-
mal mitosis, the newly formed epidermal cells 
would obviously not have gone through one cycle 
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F10. 4: Lipid replacement curve. After removal of skin 
and hair lipids, there is a gradual reaccumulation of lipid 
until an equilibrium level is approached after approxi-
mately 4- 5 days. In this state, sebum secretion is 
balanced by loss from the surface. Measurement of 
sebum secretion is therefore valid only during the linear 
phase. Each point represents the mea n ± S.E. of 12 male 
rats. 
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Ftc. 5: Lipid replacement curve. The rate of lipid 
replacement is linear over shon inter~·als a~d is therefore 
not associated wi th the growth of eptdermts and hatr. 
and migrated through to the surface in a period of2 
hr. 
The Hair Lipid Method (Ebling and Skinner, 1967) 
ln this method, ra ts are shampooed with sodium 
Iaury! sulpha te on two consecutive days to remove 
the basal lipid. After drying, a sample of hair 
(about 1 gm) is taken from one flank, weighed, and 
extracted with diethy l ether. The ether is evapo-
rated and t he extracted lipid weighed. 'I'his 
amount of lipid/gm hair is the blank level. Eight 
days later a second sample of hair is taken from the 
other flank and extracted as before. The increase in 
hair lipid over and above that of the blank level is 
taken as the amount of lipid secreted over the 
period of 8 days and thus the rate of sebum 
secretion is measured. 
Comparison of the Two M ethods 
Since testosterone stimulates sebaceous gland 
activity, we have measured sebum secretion by 
both methods after treatment with this hormone. 
Castrated male rats received doses of testosterone 
propionate ranging from 0.05- 5.0 mg/day. After 
2- 3 weeks the rate of seb um secretion was mea-
sured by one or other of the two methods. Both 
methods show that the production of lipid in-
creases as the dose of testosterone propionate is 
ra ised (Fig. 6a). Although the slope of the dose-re-
sponse curve is similar in both methods, the 
standard errors are smaller with the Archiba ld and 
Shuster (1967, 1970) method. 
This experiment was repeated with hypophysec · 
tomized rats (Fig. 6b). With the Ebling and 
Skinner (1967) method, the standard errors were so 
large that testosterone propionate produced no 
significant increases in sebum secretion even at a 
dose level of 5.0 mg/day. These large standard 
errors are comparable to those found by Ebling and 
his co-workers (1969a,b; 1970a). Our method, on 
the other hand, was sensitive enough to detect a 
change in sebum secretion even after a dose of0.05 
mg testosterone propionate/day. 
The problems of meas uring hair lipid can be 
divided into (1) those intrinsic to the method and 
(2) those speci fic to the technique used by Ebling 
and Skinner ( 1967) . 
Problems instrinsic to the method: 
(a) Because lipid is expressed as a function of 
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Frr.. 7: Total hair sebum and the distribution of 
sebum between hair and body surface 4 days after the 
removal of surface lipids. C refers to intact rats. and T to 
rats from whom all body hair was cut half way between 
tip and root. 
hair weight, changes in hair weight can be as 
cri tica l as changes in lipid secretion. This can be 
demonstrated by studying hair lipids in animals 
with hair cut half-way between tip and root (Fig. 7) 
(Archiba ld and Shuster, unpublished observa-
tions; S huster. 1970). Thus. in long-term experi-
ments with endocrine ablation and replacement, a 
change in hair mass minimizes or masks changes in 
sebum secretion. Hair lipid methods cannot, there-
fore, be used for the absolute measurement of 
sebum secretion and for comparing an imals in 
different endocrine states. 
(b) Because of a change in the affinity of hair for 
~ 
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FIG. 8: Variation~ in lhe amounl o( lipid obtained 
from hair samples taken from the dorsa l and ventral 
regions of the rat . 
sebum, hair lipid content can change without any 
change in the true secretion rate; factors (a) and 
(b) explain the increase in the basal sebum in the 
thyroidectomized rat at a time when sebum secre-
tion is decreased (Thody and Shuster, 1972b). 
(c) We believe that the method samples only 
part of the secreted sebum. Our experi ments 
showed that hair lipid is only about half of the tota I 
surface lipid at equilibrium time. Furthermore. the 
precise fraction on the hai r is a function of the lipid 
replacement curve (Archibald and Shuster. 1970). 
(d) H air lipid varies considerably in different 
pa rts of the rat (Fig. 8). It is not known to what 
extent this is due to (a) and (b) or true secret ion. 
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Great care must be taken in choosing sites for 
comparison if total body hair is not extracted. 
(e) Finally, only small amounts of lipid can be 
extracted from hair samples, particularly in ani-
mals with endocrine ablations. The difficulties of 
working with such small quantities must increase 
the experimental error of the method. 
Problems specific to the technique of Eblinp and 
Skinner (1967): 
(a) Shampooing with sodium Iaury! sulphate is 
an ineffective means of removing hair lipid (Fig. 9). 
More importantly, the amount of lipid removed 
from different rats is extremely variable (Fig. 9). 
For these reasons, the blank value is high and 
variable, and this will reduce the sensitivity of the 
method. In some experiments, we found an appar-
ent increase in ether-extractable material after the 
shampooing procedure. which was presumably due 
to residual shampoo. This finding would explain 
the negative rates of sebum production reported by 
Ebling et al. (1970a). 
(b) The Ebling and Skinner method (1967) 
measures the accumulation of lipid on the hair over 
a period of 8 days. As we have already shown. this 
is midway between the linear secretory portion of 
the lipid replacement curv.e and the final equilib-
rium (basal) level. It is therefore not possible to 
measure the rate of sebum production by this 
method. 
(c) Variation in hair lipid is particularly large 
between ventral and dorsal hair (Fig. 8). The use of 
flank hair by Ebling and Skinner (1967) may 
therefore contribute to the error of their method. 
(d) Only 1 gm of hair is taken for lipid extrac-
tion; therefore the amount of lipid obtained is very 
small. 
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F1c. 9: The amount of ether-extractable material re-
maining on hair after shampooing with sodium Iaury! 
sulphate, expressed as a percentage of the amount 
present before shampooing. Values were obtained from 
castrated (cast) and hypophysectomized-castrated 
(Hypo-casL) rats with and without testosterone propio-
nate (TP) treatment. Each point represents the value 
from one rat. Note the large variations between and 
witnin groups and the increase in material found in two 
rats. This increase was presumably due to residual 
shampoo. 
For these reasons, we choose to measure sebum 
secretion by the method developed in our laborato-
ries (Archibald and Shuster, 1967. 1970) and be-
lieve that many of the different findings reported 
by Ebling's group and our own can be explained 
technically. For example, Ebling et al. (1969a, 
1970a.b) state that there is no response to testos-
terone in hypophysectomized rats. We can confirm 
that the response to testosterone in hypophysecto-
mized rats as measured by the Ebling and Skinner 
(1967) technique (Fig. 6b) is not statistically signif-
icant. This response is, however, easily and re-
producibly demonstrated by the Archibald and 
Shuster (1967, 1970) technique (Fig. 6b) (Thody 
and Shuster, 1970a, l97lb). Again we have found a 
decrease in sebum secretion in hypothyroid rats 
(Thody and Shuster, 1970b, 197lb) and the fact 
that Ebling et al. (1970b) failed to detect this 
change is also a consequence of the technique (see 
Ebling, this issue). We believe that the method of 
Archibald and Shuster ( 1967, 1970) is the most 
accurate and reproducible of those published, the 
only one which measures sebum secretion directly 
rather than inferentially. It is, therefore, the 
method of our choice for studies of sebaceous gland 
physiology. 
Basal Hair Lipid-A New Screening Method 
Since the measurement of sebum secretion is too 
costly and time-consuming for a large screening 
program, it seemed worthwhile to develop a new 
assay to screen hormones that act on t he sebaceous 
gland. Because hair lipid methods cannot measure 
the true rate of sebum secretion , it is unnecessary 
to measure the increase in hair lipid with time. The 
principle of the new method arises from the obser-
vation that in certain test si tuations basal hair 
lipid corresponds to the rate of sebum secretion. In 
Figures 10 and ll, we have plotted basal levels of 
hair lipid against doses of testosterone and this 
compares well with the actual rate of sebum 
secretion (Fig. 6a.b). Because the method mea-
sures basal lipid only, one hair sample is required 
and this allows us to shave all of the dorsal hair. 
This provides a large sample of hair and also 
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FIG. 10: tncreases LO basal hair lipid lmg fat/gm hair) 
of castrated rats after treatment with various doses of 
testosterone propionate. 
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Fu•. Ll : Increases in basal hair lipid (m!( lipid/gm 
hairl of hypophysectomized-castrated rot» after treat-
ment with various doses of testosterone propionate. 
reduces the error of regional sampling. The hair 
lipid is then extracted with ether and expressed per 
hair weight. 
'This simple method appears to be particularly 
suitable for the assay of androgen and antiandro-
gens . It must be stressed. however. that since this 
is not an absolute measure of sebum secretion and 
because of the dissociation that may occur between 
hair lipid and secretion (see below). compounds 
selected by this assay must be further studied by a 
secretion method. A direct comparison of our 
measurement of basal hair lip id and Ebling and 
Skinner's method (1967), made by examining the 
response to androgen in the hypophysectomized 
rat, is shown in Figures 11 and 6b. 
NONENOOCRINE CONTROL OF S£Bl'M SF.CRETIOI\ 
This aspect ol sebum secret ion has received very 
little attention. But nonendocrine factors a re likely 
to have important influences on sebum secretion in 
the rat as well as in man. The mof.t important 
single pieces of evidence for nonendocrine control 
is the observation that after hypophysectomy 
sebum secretion never falls below about one-third 
of the normal rate (Fig. 12). 
Effect of Lipid Removal 
We have shown that when lipid is repeatedly 
removed from rats, there is an increased rate of 
sebum secretion which is a function of the fre -
quency of degreasing (Archibald and Shuster. 
197:3). This is not endocrine induced because it 
• occurs in endocrine-ablated rats. By dipping only 
the lower half of rats in solvent, it can be shown 
that the increase in sebum secretion is con.tined to 
the degreased skin (Archibald and Shuster. 197:n. 
No histologic changes were found to suggest skin 
damage: therefore we conclude that there is a local 
nonendocrine control mechanism. 
Effect of Body Size 
The rate of sebum secretion in adult rats is 
directly proportional to body size (Fig. t:~). A 
similar relationship is seen in hypophysectomtzed 
rats; moreover. the s lope of the curve is parallel to 
that of intact rats (Fig. 13). This suggests that the 
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Ftc 12: Effect of various endocrine ablations on the 
rate of sebum secretion tn male rats. 
effect of body size is not due solely to endocrine 
changes that occur with growth and age. Although 
the reason for this relationship to body size is not 
clear. it is evident that when sebum secretion rates 
of adult rats are compared, corrections for body 
weight should be made. This point has been 
disputed (Ebling et al., l969a; Nikkari and Vala-
vaara, 1969: Shuster. 1970; Thody and Shuster, 
1970a). Our evidence is that it is permissible to 
correct the body weight when comparing hypo-
physectomized with normal rats because of the 
parallelism of the weight secretion curves (Fig. 
13). h is likely that the body weight correction 
applies to other endocrine states although this has 
not yet been established. 
ENDOCIUNE CONTHOL OF SEBUM SECRETIOJI. 
The picture which has now evolved depends 
upon the simultaneous use of assays in both rat 
and man . The problems revealed by human studies 
were examined in rats, and ideas that developed 
from animal s tudies led to new lines of thought in 
human studies. 
Gonads 
Testes. The testes are important in the control of 
sebaceous gland activity. 
Ebling (1963) has reviewed the numerous reports 
that castration leads to atrophy of the sebaceous 
glands, and Thody and Shuster (1970a,b) and 
Strauss and Pochi (196:3) have shown that sebum 
production is decreased (Fig. 12) following castra-
tion. 
Ovaries. Comparatively little work has been 
done on the effect of ovariectomy on sebum secre-
tion. Strauss and Pochi (1963) found no effect 
whereas Hamilton and Mestler (l96a) found an 
increase. Ebling (1955) found no effect on gland 
size and incidence of mitosis in the rat. We have 
studied the effect of ovariectomy in rats. Three-
week-old animals were ovariectomized and the rate 
of sebum secretion was measured 3, 5, 9, 11 , and 16 
weeks later. A slight increase in sebum secretion 
was found after 3 and 5 weeks. but by 9 weeks the 
secretion rate was identica l with that of intact rats 
(Fig. 14). Although the increase could have been 
due to the removal of ovarian estrogen. exogenous 
estrogen does not have a marked effect on sebum 
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FIG. 13: The relationship between body weight of rat and quantity of lipid accumulated in 4 days after the removal 
of skin and hair lipids. Each point refers to the value obtained from one rat. Accumulation of lipid is directly 
proportional to body size. A similar and parallel relationship is seen in hypophysectomized rats. 
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FtG. 14: The rate of sebum secretion in rats ovariecto-
mized at three weeks of age. 
production (see below). The transitory nature of 
the response to ovariectomy likewise remains unex-
plained. 
Androgens. Androgens increase sebaceous gland 
activity. Testoste rone is an especially potent stim -
ulator of sebaceous gland growth and sebum pro-
duction in man (Strauss and Pochi. 1963) and in 
experimental animals (Ebling, 196:3; Ebling and 
Skinner. 1967; Archibald and Shuster, 1967. 1969; 
Thody and Shuster. 1970a,b, 197lb). The effects of 
various other androgens have been examined but 
there has been some disagreement with the find-
ings (Archibald and Shuster, 1969; ;.Jikkari and 
Valavaara, 1970; Ebling et a!., 1971). The main 
area of disagreement is the measurement of com-
parative potencies. Different dosage schedules. 
different vehicles. and different methods of assess-
ing sebum secretion have been used in these 
studies and have complicated the results. 
(a) Dosage schedules. The s ingle dose, or at the 
most two doses. used in most studies is inadequate 
for comparison since the slope of the dose-response 
curve varies with many factors, including the 
endocrine state of the test animal (Fig. 15). the 
vehicle {Fig. 16), and the nature of the androgen 
(Fig. 16) . 
The slope of the dose- response curve to testos-
terone increases up to 17 days and then remains 
virtually constant, that is, the response to a 
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FIG. 15: Effect of daily treatment with various doses 
of testosterone propionate (TP) for 3 weeks on the rate of 
sebum secretion in castrated and hypophysectomized-
castrated rats. Note that the slope of the dose- response 
curve was steeper in the castrated rats than in the 
hypophysectomized-castrated rats and that 0.5 mg TP 
completely restored sebum secretion to normal in the 
castrated but not in the hypophysectomized castrated 
rats. 
ln (b) the results are plotted as increases in sebum 
secretion. Note that the response to 0.5 mg TP was 
similar in both castrated and hypophysectomized- cas-
trated rats. 
particular dose of testosterone is constant. This 
particular hormone should therefore be adminis-
tered for at least 17 days; for comparative studies 
of other hormones, the time required to achieve a 
maximum slope would first have to be established. 
(b ) Vehicle. As can be seen from Figure 16, the 
slope of the dose- response curve to 5a-androstan-
3{J, 17 {J-diol is different with an oil or an aqueous 
vehicle . The implantation of hormones presents an 
additional problem because of the uncertain na-
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FIG. 16: Effect of testosterone. 5n-dihydrotestosterone 
and Sa-androstan-31:!.17,8-diol on the rate of sebum 
secretion in male rats castrated at three weeks of age. 
Androgens administered in (a) oil (isopropyl myristate) 
or (b) aqueous suspension. 
ture of absorption. In some comparative studies 
(Ebling et al.. 1971 ). testosterone was implanted as 
a pellet and ot her androgens were administered by 
injection. 
(c) Test animals. The previous endocrine state 
of the test animal may be more importan t than was 
first imagined . We have found, for example. that 
the response to progesterone is different in rats 
gonadectomized a t 3 or 10 weeks of age (Fig. 17), 
whereas the response to testosterone is unaffected 
(unpublished observations). How the early endo-
crine environment conditions the adult response 
requires further investigation (see below) . The sex 
of the animal may also be important. Although we 
have not made a systematic study of androgen in 
male and female ra ts, it seems likely that the 
response will be different. 
(d) Methods. Sebaceous gland vol ume, mitotic 
rate, hai r lipid, sebum secretion , and its composi-
tion have all been used to assess the response to 
androgen; it is not s urprising that the results differ 
since each measures different aspects of sebaceous 
gland function . 
(e) Definition of response. Another reason for 
the discrepancy in findings is the fundamental 
question of the definition of hormonal responses. 
The response to a hormone is the change it 
produces, not, as some people suppose, the abso-
lute level of activity found after its action. Thus 
the change in sebum secretion produced by 0.5 mg 
testosterone propionate in hypophysec tomized and 
castrated rats is similar, yet the absolute level 
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F'IG. 17: Effect of progesterone on rate of sebum secre· 
tion in gonadectomized male and female rats. (a) Gona-
dectomized at th ree weeks of age. (h) Gonadectomized at 
ten weeks of age. 
achieved is quite different (Fig. 15). This confusion 
between response and absolu te level is apparent in 
Ebling's discussion of the mode of action of pitui-
tary hormones (Ebling et al.. 1971). 
Aside from t hese words of caution, it is clear that 
various androgens stimulate sebum secretion to a 
diJferent degree (Archibald and Shuster. 1969; 
Nikkari and Valavaara. 1970; Ebling et a l., 1971) 
and it a ppears that the most active are those with a 
17 .8-hyd roxy group (testosterone, 5a-d ihydrotes-
tosterone, 5a-androstane-3.B, 17.8-diol). T he 17 ox-
asteroids. such as dehydroepiandrosterone (DHA), 
DHA sulphate, androstenedione, and and roster-
one, appear to be relatively less potent. 
Recently, 5a-dihydrotestosterone has been sug-
gested as the active androgen at tissue level. This 
was first proposed by Bruchovsky and Wilson 
(1968a,b.c) who noticed that nuclei from rat pros-
tate glands rapidly converted testosterone to 5a-
dihydrotestosterone. Skin is also capable of con-
verting testosterone to 5a-d ihydrotestosterone in 
man (Gomez and Hsia, 1968; Wilson and Walker, 
1969) and in experimental animals (Flamigni et 
al., 1970). This metabolite of testosterone certainly 
stimulates sebum secretion in castrated rats (Fig. 
16) and its potency is sim ilar to that of testoster-
one. The conversion of testosterone to 5a-dihy-
drotestosterone by the skin could therefore repre-
sent an important step in the stimulation of sebum 
secretion. Conversely. the conversion by skin of 
testosterone to less active androgens such as an-
drostenedione and androsterone (Flamigni et al., 
1970) could be interpreted as an inactivation 
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process. and the balance between these two related 
processes could be a significant factor in the 
control of sebum secretion. Increased conversion to 
5a-dihydrotestosterone would favor an increase in 
sebum secretion whereas a greater production of 
androstenedione would result in a lower secretion 
rate. 
This conversion may be under pituitary control. 
Ebling et al. (1971), for example, have suggested 
that the pituitary is necessary for the sebotrophic 
action of testosterone. Their evidence for this is 
their finding that in hypophysectomized rats tes-
tosterone has no sebotrophic effect whereas other 
androgens have (Ebling et al., 1971). We have 
confirmed that, with the Ebling and Skinner 
(1967) method, the increase in hair lipid produced 
by testosterone in hypophysectomized rats is not 
statistically significant (Fig. 6b) . But the reason 
for this is the lack of sensitivity of the method 
particularly at low rates of sebum secretion: 
Sebum secretion as measured bv Nikkari and 
Valavaara ( 1969, 1970) and oursel~·es (Thody and 
Shuster, 1970a,b, 197lb) is increased by testoster-
one in hypophysectomized rats (Fig. 15a). More-
over, the magnitude of the response to a physi-
ologic dose of testosterone is the same as in 
castrated rats (Fig. 15b); the response to larger 
doses is less and this accounts for the flatter 
dose- response curve (Figs. 15a,b) . 
Although sebaceous glands respond normally to 
physiologic doses of androgen in the absence of the 
pituitary, these doses do not restore the rate of 
sebum secretion to normal. Sebum secretion can 
be restored when the androgen is given with 
a-MSH (Thody and Shuster, 1973a,b). These two 
hormones appear to act both independently and in 
concert (in that their effect together is greater than 
when given alone). Our preliminary results suggest 
that a-MSH affects the uptake of testosterone by 
the skin but not its conversion to dihyd.rotestos-
terone and other metabolites. The role of other 
pituitary hormones in androgen metabolism by the 
skin obviously merits further study. 
Estrogens. Estradiol at a dose level of 2-4 
p.g/day decreases the size of sebaceous glands in 
intact, hypophysectomized, and adrenalectomized 
female rats (Ebling, 1963). Ebling and Skinner 
(1967) subsequently observed that a similar dose 
produced a significant reduction in the rate of 
sebum production. Similarly, Strauss and Pochi 
(1963) found a decrease in sebum secretion in the 
human male with ethynyl estradiol at a dose of 
0.1-0.25 mg/day. 
On the other hand. we lind that small doses of 
ethynyl estradiol (4 p.g/day) do not inhibit sebum 
secretion in the ovariectomized rat and that 40 
p.g/day (Fig. 18) caused only a small decrease. 
Again we suspect the difference will prove to be 
methodologic. 
1-'rogesterone. How progesterone acts on the 
sebaceous glands is a matter of some controversy. 
Early workers noticed that progesterone caused an 
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FIG. 18: Effect of ethynyl estradiol on rate ot ~ebum 
secre1ion in ovariectomized rats . 
increase in sebaceous gland size in the rat (Haskin 
et al. , 1953). Ebling (1948, 1961), who was unable 
to confirm these findings with 1 mg of progester-
one/day, found 10 mg/day produced a small in-
crease in glandular size but no change in sebum 
production (Ebling et al., 1969b). Strauss and 
Kligman (1961) were also unable to detect any 
change in sebaceous gland activity in man after the 
administration of progesterone. We therefore de-
cided to examine the effect of progesterone. Male 
and female rats that had been gonadectomized at 3 
weeks of age were treated with 0.1. 1.0, or 10 mg 
progesterone/day for 3 weeks; at the end of this 
time the rate of sebum secretion was measured. 
Even at a dose level of 0.1 mg/day, progesterone 
stimulated sebum secretion in both male and 
female rats and further increases occurred as the 
dose was raised (Fig. l7a). 
This experiment was repeated in rats whose 
gonads were removed at 10 weeks of age. Progeste-
rone also increased sebum secretion in these rats to 
the same degree as in normal adult rats, but the 
dose- response curve was flatter than in rats that 
had been castrated at the onset of puberty (Fig. 
17b). Castration at puberty in some way promotes 
a greater response to progesterone in adult life. 
Although we have not yet excluded the possibility 
that this is due to the different intervals between 
gonadectomy and hormone administration, it 
seems more likely that the endocrine environment 
during early life is an important factor in deter-
mining the adult response to progesterone. We 
have already shown that disturbance of the endo-
crine state in newborn rats has a lasting effect upon 
sebaceous gland activity in the adult (Thody and 
Shuster (1971cl. 
Thus progesterone may prove to play a signifi-
cant role in controlling the function of the seba-
ceous gland, and its action deserves further investi-
gation. 
Endocrine Influences in Early Life 
We have made two observations which suggest 
that endocrine changes in early life may perma -
nently condition the response of the sebaceous 
gland throughout adult life. The first is the change 
in response to progsterone produced by early cas-
tration (see above) and the second is the effect of 
neonatal androgen treatment. 
Effect of neonatal androgen treatment. In 1971 
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TABLE I 
Effect of neonatal androJren treatment on body tceight, ovarian weight , and sebum secretwn of adult female rats 
--
Sebum secretion 
No. of Final body \H. Ovarian wt. 
ralh (gm) 
Vehicle at :l and 6 days fi 227:t 8 
(control) NS 
TeRtosterone propionate 6 247 ± 8 
at :1 and 6 days 
Vehicle at day 2 11 193 ± 3 
(control) 
Testosterone 13 205 ± 5 
NS not significant at 0.05 level of probability. 
we reported that when female rats were treated 
with testosterone propionate at 3 and 6 days of age 
they showed an increase in sebum secretion during 
adult life (Thody and Shuster, 1971c) (Table I). 
Since neonatal androgen treatment prevents nor-
mal ovarian function (Barraclough, 1961; Harris, 
1964). we first considered the possibility that the 
increase in sebum secretion was related to this 
change. However, since then we have found that 
ovariectomy produces only a small and lransitory 
change in sebum secretion (Fig. 14) and that the 
effect of neonatal androgen on the ovaries and the 
sebaceous glands can be dissociated. The ovaries of 
female rats that had received androgen when 2 
days old were small, lacked corpora lutea, and were 
presumably hypoactive, yet sebum secretion was 
unaffected (Table l). Therefore, the increase in 
sebum secretion after treatment at 3 and 6 days of 
age is unlikely to be due to an impairment of 
ovarian function. 
At the present Lime it seems probable that 
androgen exerts a lasting effect only if given after a 
critical stage during early life. Sebum excretion is 
increased in the Stein- Leventhal syndrome and 
primary cutaneous virilism (Strauss and Pochi, 
1969; Burton et al., 1972a; Shuster, 1972). The 
defect in these diseases may be due to a change in 
the cutaneous metabolism of androgens (Burton et 
al., 1972a; Shuster, 1972) rather than to adrenal or 
ovarian malfunction. The present observations in 
the rat suggest that this change is induced by 
endocrine dysfunction in early life. 
Whatever the mechanism of action of the andro· 
gen, the fact that sebaceous gland activity is 
affected by the endocrine state of the animal 
during early life may represent an important factor 
in the control of sebaceous gland activity. 
Adrenals 
Removal of the adrenal glands in the rat pro-
duces a decrease in sebum secretion (Fig. 12) 
(Thody and Shuster. l970a, 197la) and atrophy of 
the sebaceous glands (see Lorincz, 1963). Similar 
findings have been reported by Pochi et al. (1963) 
in their studies on man. 
(mg/100 Rm BW) 
mg/day m~HlOgm BW/ day 
63.3 .!. 5.1 16.8 ± 0.9 7.4 ± 0.5 
p ' 0.()01 p <.. 0.001 p < 0.005 
23.3 ± 2.1 23.6 ± 0.6 9.6 .!. 0.3 
59.6 x 5.1 27.8 ± 1.2 14.4 ± 0.5 
NS NS 
33.3 ± 2.2 24.8 ± 0.8 11.6 .!. 0.5 
The adrenal gland produces a number of hor-
mones including various androgens. Of these, 
dehydroepiandrosterone (DHEA) sulphate has 
been shown to possess slight sebotrophic activity in 
castrated rats (Archibald and Shuster, 1969), al-
though we have not been able to confirm this in 
adrenalectomized castrates or ovariectomized rats 
(Table ll). Removal of the sulphate group increases 
the sebotrophic effect of DHEA in the rat (Ar-
chibald and Shuster, 1969) and this androgen 
stimulates sebum secretion in castrated men 
(Pochi et al., 1962, 1963). Both DHEA and its 
sulphate can be metabolized by skin (Faredin et 
al., 1967: Kim and Herrmann, 1968; Chakraborty 
et al., 1970; Hodgins, 1971) to testosterone and 
androstenedione. Testosterone is known to stimu-
late sebum secretion, and it has been reported that 
androstenedione stimulates sebum secretion both 
in man (Strauss and Pochi. 1968) and in the 
castrated , castrated- hypophysectomized, and 
ovariectomized rat (Ebling et al., 1971) (Table ll). 
In addition to DHEA the human adrenal gland 
synthesizes androstenedione and testosterone (see 
review by Strauss and Pochi , 1969). Because of the 
sebotrophic potency of testicular androgens, an· 
drenal androgens might be expected to have a less 
important role in the control of sebaceous gland 
function in the male than in the female. This 
appears to be the case in man where the decrease in 
the SER is less in adrenalectomized males than 
females. t 
Whether glucocorticoids affect sebaceous gland 
activity is not clear. This point has been discussed 
before by Strauss and Pochi (1963), who suggested 
that the enlargement of the sebaceous glands in a 
prepubertal human male after hydrocortisone 
(Strauss and Kligman, 1959) is due to the conver-
sion of the hydrocortisone to androgen. Our studies 
with corticosterone suggest that this adrenal hor-
mone has no effect on sebum secretion in the rat 
(Table Jl). When it was administered with DHEA, 
t Goolamali, S. K., Plummer. 11:. A., Burlon, J. L., 
Shuster, S .. and Thody, A. J. Sebum excretion and 
melanocyte stimulating hormone in hypoadrenalism. (ln 
preparation) 
182 THE JOURNAL OF rNVESTIGATIVE DERMATOLOGY 
TABLE II 
Effects of hormonal therapy on rate of sebum secretion • 
Treatment No. of rats Body WI. 
Adrenalectomized-
Castrated 
- 7 281 ± 8 
Corticosterone 6 275 :r 5 
0 .25 mg/day 
DHA sulphate 5 270 ± 12 
0.5 mg/day 
Adrenalectomized 
Control 6 248 ± 19 
Corticosterone 7 256 _j_ 8 
Ovariectomized 
- 5 236 ± 12 
Corticosterone 
0.3 mg/day 5 238 ± 8 
1.5 mg/day 5 223 ± 8 
DHA sulphate 
0.2 mg/day 5 225 ± 4 
1.0 mg/day 5 218 .i. 10 
Androstenedione 
0.2 mg/day 5 233 ± 8 
L.O mg/day 5 227 ± 10 
• Treatment was continued for 3 weeks. 
NS = nor significant at 0.05 level of probability. 
there was a small increase (Table ll ) but this was 
apparently due to the DHEA. 
Thy roid 
The thyroid gland is also involved in the main-
tenance of sebaceous gland activity. lt has 
been known for many years that thyroidectomy 
produces atrophy of the sebaceous glands (Juren-
ka, 1935) and we have shown a decrease in sebum 
secretion after thyroidectomy (Thody and Shuster, 
l970b, l972b) (F'ig. 12) . The complementary obser-
vation has a lso been made that treatment with 
thyroxine (T.) produces a large increase in sebum 
secretion and this response was unaffected by the 
presence of testosterone (Thody and Shuster, 
1972b) (Fig. 19). Thus the combined effect of T, 
and testosterone on sebum secretion appears to be 
additive and not synergistic (Thody and Shuster, 
1972b). 
Despite the decrease in sebum secretion after 
t hyroidectomy, the amount of basal sebum in -
creased (Thody and Shuster, l972b). Basal sebum 
refers to the amount of sebum collected at the first 
dip, and is a measure of the equilibrium level of the 
skin and hair. Several factors could produce this 
increase in basal hair and skin surface lipids at a 
time when sebum secretion was decreased: (a) an 
increase in the amount of sebum retained by hair 
either because of a change in the physical proper-
ties of sebum or because of a change in the surface 
structure of hair and skin . This may explain why 
methods that measure hair lipid as an estimation 
Sebum secretion 
mg/day 
34.4 _j_ 1.2 
27.3 _j_ 1.3 NS 
25.5 ± l.l :-J 
29.5 ± 2.1 p < 0.005 
37.9 ± 1.1 
20.5 :r 1.7 
22.0 ± 0.9 NS 
19.1 ± 0.9 NS 
21.5 ± 0.9 NS 
21.2 :r 0 .9 NS 
25.6 ± 2.0 p < 0.01 
28.2 ±. 1.9 p < 0.01 
Thyrooc{ ·cast 
30 
20 
sebum p<OOOI 
secretion 
mg/100g 
BW/day 10 
mg/100 gm BW/day 
9.2 ± 0.4 
9.6 ± 0.4 NS 
9.9 ± 0.6 NS 
11.9 ± 0.1 p < 0.001 
14.7 ± 0.4 
8.7 ± 0.4 
9.2 ± 0.2 NS 
8.6 ± 0.2 NS 
9.6 ± 0.4 :-IS 
9.8 i 0.4 NS 
11.0 ± 0.4 P .,- O.Dl 
12.5 .i. 0.4 p O.Gl 
p<0005 
10 
control T4 TP 14'TP 
F1c. 19: Effect of thyroxine (T.) on rate of sebum 
secretion in thyroidectomized-castrated rats and thyroid-
ectomized castrated rats treated with testosterone pro-
pionate (TP) (0.5 mg/day) . Daily treatment with 0.1 mg 
T. for 2 weeks produced a significant increase in both 
groups of rats. 
of sebaceous gland activity fail to detect the 
decrease in sebum secretion that occurs in hypo-
thyroid rats (Pritchard et al., 1949; Ebling et al., 
1970b) ; (b) an increase in hair growth would 
likewise increase the equilibrium level of the hair 
lipid. However, there is evidence that hair growth 
is decreased after thyroidectomy (Houssay et al. , 
1965):j:; (c) an increase in the epidermal component 
of surface lipids. The effect of thyroidectomy on 
the contribution of the epidermal components is 
unknown. 
:j: Paradoxically, the decrease in hair growth would 
result in an increase in hair lipid when expressed per 
weight of a sample of hair clipped before equilibrium 
time. This is because the volume of secreted sebum has to 
be accommodated on a smaller mass of hair. 
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Therefore although hair lipid is increased after 
thyroidectomy, this is artefactual ; methods that 
measure sebum secretion clearly show that the 
thyroid has a stimulatory role in the maintenance 
of sebum secretion. 
Anterior Pituitary 
Hypophysectomy decreases sebaceous gland vol -
ume and the rate of sebum secretion in the rat 
(Haskin et al. , 1953; Ebling et al., 1969a; Nikkari 
and Valavaara, 1969: Thody and Shuster. 
1970a.b) . The pituitary, therefore, exerts an impor-
tant influence on the sebaceous glands: the details 
of this relationship have been examined in the ral. 
Ablation experiments show that the decrease in 
sebum secretion after hypophysectomy is similar 
to that after total removal of the thyroid. adrenal , 
and gonads (Thody and Shuster, 1972b) (Fig. 12) . 
Although it follows that the pituitary exerts an 
important effect through its target glands . such 
complete ablation is a far more severe procedure 
than hypophysectomy. 
Gonadotrophic hormones . Treatment with 
human menopausal gonadotrophin GTH (Hume-
gon) produced a large increase in the sebum 
secretion rate of hypophysectomized male rats 
(Fig. 20). The increase in the weight of the testes of 
these rats and the corresponding changes in semi -
nal vesicles. prostate and preputial gland weights 
suggest stimullltion of testicular androgen secre-
tion and this presumably produced the increased 
sebum secretion. The fact that GTH had no effect 
on sebum secretion in castrated- hypophysecto-
mized rats (Fig. 21) confirms that the effect was 
mediated through the testes. These findings sup-
port our earlier observations (Thody and Shuster . 
1970a,b) and conflict with the view that testoster-
one is unable to stimulate sebum secretion in the 
hypophysectomized rat (Ebling et al., 1969a, 
1970a,b, 1971) . 
Gonadotrophic hormones, therefore, increase 
sebum secretion in the male rat. as in the human 
male (Strauss and Pochi , 196;~) by stimulating 
gonadal activity (Thody and Shuster, 1972c). Fe-
male rats showed no change in sebum secretion 
after treatment with gonadotrophic hormones. 
This might be expected when we consider that the 
ovaries do not appear to have a very important role 
in the control of sebum secretion. 
Adrenocorticotrophic hormone (ACTH). Treat -
ment with Cortrophin Zn or Acthar Gel increase 
sebum secretion in hypophysectomized rats 
(Ebling et al., 1970a; Thody and Shuster, 1970b, 
197la) (Fig. 20). These ACTH preparations are 
extracts of pig pituitaries and are contaminated 
with melanocyte-stimulating hormone (Thody and 
Plummer. 1971) which increases sebum secretion 
(see below). We have subsequently shown that a 
synthetic preparation of ACTH (Cortrosyn, Orga-
non Laboratories ) will also stimulate sebum secre-
tion (Table III) . 
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Ftc:. 20: The effect of anterior pitu itary trophic hor-
mone~ on rate of ~ebum ~ecretion in hypophysectomized 
or hypoP.hysectomized- castrated male rats. Treatment 
with G1 H (Humegonl . TSH. and ACTH (Acthar Gel) 
was continued for 3 weeks. The p values refer w the 
significant differences between the treated and respective 
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FtG. 21: The rate of sebum secretion in castrated 
hypophysectomized. thyroidectomized- castrated. and 
adrenalectomized- castrated rats after treatment with 
GTH (Humegon). TSH, and ACTH (Acthar Gel! , respec-
tively. NS ind icates not significant difference. 
TABLE Ill 
Effect of synthetic ACTH (Corlrosyn) on the rate of sebum .>~?cretion and adrenal weights of hv pophyseclamized 
female rat.~· 
Treatment No. nt Body wt. 
rats (gml 
Hypophysectomized 
Control 7 189 "' .j 
Cortrosyn 7 184 ± 9 
• Treatment was continued for :2 weeks. 
Adrenal wt 
(mg/ IOOgm BW) 
11.:2 ± 0.6 
18.8 "' 1.8 
s ebum secretion 
mg/da y 
10 .4 i 
p 0 
12.9 "' 
0.5 
.5 
0.9 
mg/IOU gm 
BW/dav 
5.5 .i. 0.2 
p < 0.02 
7.1 J: 0.5 
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The sebotrophic effect of ACTH appears to be 
mediated through the adrenals since it was greatly 
diminished by adrenalectomy (Fig. 21) (Thody and 
Shuster. 197Ja). We have concluded that ACTH 
increases sebum secretion by stimulating adrenal 
androgens (Thody and Shuster, 197la), but we 
cannot exclude the possibility that the effect is 
associated with an intrinsic MSH-like effect. 
Thyrotrophic hormone (TSH). Stimulation of 
the thyroid by treatment with 0.5 units TSH 
increased sebum secretion in hypophysectomized 
rats (Thody and Shuster, 1972b) (Fig. 20). Ebling 
and his co-workers (1970b), who showed that TSH 
increases the response of the sebaceous glands to 
testosterone in castrated and castrated-hypo-
physectomized rats. concluded that TSH act!. 
directly on the sebaceous glands to facilitate the 
action of testosterone. To demonstrate such an 
effect, the response produced by simultaneous 
treatment with testosterone and TSH must be 
greater than the sum of the individual responses to 
testosterone and TSH. However, Ebling et al. 
(l970b) did not examine the effect of TSH alone, 
and their suggestion that the action of TSH is 
extra-thyroidal is also open to question; the evi-
dence for such an effect is that it occurs in the 
absence of the thyroid gland and Ebling et al. 
(l970b) did not examine this possibility. We have 
tested this and our findings show that whereas 
TSH had a sebotrophic effect in the presence of the 
thyroid gland, no such effect occurred in thyroidec-
tomized rats (Figs. 21). Furthermore, the fact that 
TSH failed to stimulate sebum secretion in the 
presence of endogenous testosterone ( thyroidecto-
mized rats with intact testes) suggests that TSH is 
incapable of acting directly on the sebaceou~ 
glands to increase the action of testosterone 
(Thody and Shuster, 1972b). We therefore con-
clude that the sebotrophic effect of TSH is due to a 
stimulation of thyroxine secretion. 
Growth hormone and prolactin. Treatment with 
growth hormone produced an apparent increase in 
sebum secretion in castrated-hypophysectomized 
rats (Fig. 22). This slight increase was, however. in 
direct proportion to the increase in body size (Fig. 
22) and so the sebotrophic effect of growth hor-
mone could be due to its somatotrophic action. In 
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Ftc. 22: Effect of growth hormone (GH) on rate of 
sebum secretion in hypophysectomized-castraLed male 
rats. Daily treatment with 0.5 units GH for 3 weeks. 
other words, growth hormone on its own may have 
no specific effect on the sebaceous glands. Other 
workers have arrived at similar conclusions (Nik-
kari and Valavaara, 1969: Ebling et al., 1969a), 
and Lorincz and Lancaster (1957) found no in-
crease in sebaceous gland size after growth hor-
mone. Similarly we have no evidence to suggest 
that prolactin is sebotrophic. This hormone pro-
duced no increase in sebum secretion in either 
hypophysectomized or intact rats. The lactogenic 
hormone of pregnancy (human placental lactogen) 
was also without effect. 
Evidence that growth hormone and prolactin 
increase the effect of testosterone on the sebaceous 
glands (Ebling et al., 1969a) has not been con-
firmed either by us or by others. For example, we 
found that growth hormone was ineffective in 
hypophysectomized rats treated with thyrosine. 
ACTH, and testosterone propionate (unpublished 
observations). Furthermore, Nikkari and Vala-
vaara ( l970) found that prolactin did not affect the 
response o[ the sebaceous gland to testosterone. 
/3-Lipotrophin (/3-LPH). A new anterior pituitary 
hormone was discovered several years ago by Li 
and his co-workers tLi, l968) which because of its 
lipolytic action was called /3-lipotrophin. We have 
shown that this hormone stimulates sebum secre-
tion in hypophysectomized rats (Thody and Shust-
er, 197ld). Structurally /J-LPH is similar to the 
melanocyte-stimulating hormone (MSH) which 
also shows sebotrophic activity. Although no phys-
iologic role has been described for .8-LPH, its 
sebotrophic effect suggests that it has an impor-
tant role along with other pituitary hormones in 
maintaining normal sebaceous gland function. 
Sebotrophin. Some years ago it was suggested 
that the anterior pituitary was responsible for a 
specific sebotrophic hormone. This hormone was 
reported to facilitate the action of progesterone on 
sebaceous and preputial gland growth; the evi-
dence has been summarized by Lorincz (1963). 
Other workers, however. reported that this mate-
rial has no effect on sebum secretion in man 
(Strauss and Pochi, 1963) and the rat (Ebling et 
al., l969a). We have prepared extracts from the 
anterior lobe of pig pituitaries according to the 
method of Lorincz (1963) and examined their 
effects on sebum secretion in hypophysectomized 
rats. Although there was evidence of slight sebo-
trophic activity in some of these extracts. they 
could be explained by the presence of other pitui-
tary hormones such as the gonadotrophins, ACTH, 
and growth hormone. The available evidence does 
not therefore support the existence of the sebo-
trophic hormone described by Lorincz (1963). 
Observations in man. There is strong evidence 
that a sebotrophic factor exists in man: 
(a) Patients with hypopituitarism have a very 
low SER which in some approaches zerot (Fig. 23). 
By contrast, sebum secretion never drops to such a 
low level in hypophysectomized rats, probably 
because sebum is more important to the hairy 
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animal and therefore is maintained at a higher 
basal level. When these patients with pan-
hy popituitaris m are given adequate replacement 
therapy with thyroid hormone, cortisol, and andro-
gen, the SER s till remains below norma It (Fig. 2:~). 
This suggests that a pituitary factor other than 
TSH, AC'TH, and gonadotrophins is important in 
maintaining sebum production. 
(b) We have also found that the increase in SER 
which correlates with the severity of acromegaly 
showed no correlation with growth hormone titers 
or changes in thyroid, adrenal, and gonadal func· 
lion (Burton et a l., 1972b). This reinforces the idea 
that the pituitary is responsible for a sebotrophic 
factor that is distinct from the known anterior 
pituitary trophic hormones and growth hormone. 
(c) The increase in sehum secretion in preg-
nancy (Fig. 24) (Burton et al., 1970b, l973a) must 
be due to a sebotrophic factor sufficiently powerful 
to overcome the large amounts of estrogen that are 
circulating during later pregnancy. 
(d) An important clue to the nature of this 
material came from our studies on Parkinsonism. 
The increase in sebum secretion seen in some 
patients with Parkinson's disease is probably endo-
crine induced and can be restored to normal by 
L-dopa (Burton and Shuster, 1970) (Fig. 25)§. This 
cannot be due to the inhibitory etiect of L-dopa on 
sebum secretion s ince this effect could not be 
induced in normal rats (Thody and Shuster, un-
published observations) or normal subjects (Bur-
§ Cotlerill et al. ( 1971) could not conlirm this observa-
tion but this 1s not really surprising as only three oft heir 
seven patients with Parkinsonism had seborrhea (and the 
seborrhea was in fact curtailed by L-dopa in the three. see Burton et al.. l973b) . As might be expected. the effect of 
L-dopa on the seborrhea of Parkinsonism is proportional 
to the degree of initial seborrhea (Burton et al.. 1973b). 
ton et al., 197lb). It therefore seems likely that the 
lesion of Parkinsonism removes a normally inhibi -
torv influence on sebum secretion which is restored 
hv · brain dopamine. The possibility that sebum s~cret ion is controlled by an inhibitory mechanism 
was t herefore considered (1'hody a nd Shuster , 
1972a; Burton et al., 1973b ; Shuster et al.. 197:~). 
Inhibitory control of sebum secretion. The idea 
that the se-hotrophic hormone is under an inhibi -
tory control was studied in the rat. Two pituitary 
ho;mones. prolactin and M H, are under inhibi -
tory control. The former is not sebotrophic in either 
intact or hypophysectomized rats whereas a-MSH 
is a powerfully sebotrophic hormone (Thody and 
Shuster, 197le) (Figs. 26- :28). The various forms of 
tJ- MSH have no I yet been tested but a closely 
related hormone. .d-lipotrophin. is sebolrophic 
(Thody and Shuster. 197ld) . In the rat, MSH is 
not an anterior lobe hormone hut is secreted by the 
pars intermedin. which forms part of the neuroin -
termediate or posterior lobe. We therefore directed 
our attention to this part of the pituitary gland. 
Po.~ I erior Pituitary 
Removal of the neurointermediate lobe alone 
produced a large decrease in sebum secretion 
comparable to that after total hypophysectomy 
(Thody and Shuster, l972a) (Fig . 29). These poste-
rior hypophysectomi zed rats, unlike totally hypo-
physectomized rats, showed little change in ante-
rior pituitary function which is indicated by body 
weight and weight of thyroid. adrenal, and testes; 
moreover. androgen production was sufficient to 
maintain the weight of the se minal \•esicle and 
prosta te gland (Table IV). Microscopic examina-
tion of the sell a turcica s howed that anterior lobe 
tissue was intact and histologically normal. Thus, 
the anterior pituitary a lone is unable to maintain 
sebum secretion at a norma l level. We have there-
fore concluded that the neuroin termediate lobe is 
responsi ble for an important sebotrophic hormone. 
Although our earlier findings had suggested that 
this hormone is MS H. the neurointermediate lobe 
does secrete other hormones. 
Neurohypophysial hormones. A comme rcial 
preparation of vasopressin (Pitressin-Parke Dav-
is) and synthetic oxytocin (Syntocinon-Sandoz) 
showed no sebotrophic activity in intact female 
rats at dose levels of 0.5 units/day. although s light 
increases in sebum secretion occurred with higher 
doses (Fig. 26) . We have als<> shown in hypophysec-
tomized rats that doses of synthetic oxytocin as 
high as 4.5 units had only a s light effect which 
could be accounted for by the MSH content of the 
preparation (Thody and Shuster, 1973a,b). 
Like vasopressin a nd oxytocin, neurophysin is 
synthesized in the hypothalamus, transported to 
the pars nervosa. and there released into the 
circulation (Cheng and Friesen, l970). At the 
present time the function of this protein is un-
known. Although a high dose was used , neuro-
physin increased sebum secretion {Fig. 26). 
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rats after daily treatment with neurohypophysial hor-
mones and a-MSH. Treatment was continued for 2 
weeks. 
Whether this action has any physiologic s ignifi-
cance re mains to be shown . rt would a ppear tha t 
t he neurohypophys ial hormones have a negligible 
effect on the control of sebum secretion. 
Lr-Melanocyte-stimulating hormon e (cx-MS H) . 
The only slight effect of neurohypophysial hor-
m ones confi rmed our hypothesis tha t the sebo-
t rophic materia l comes from t he pars intermedia. 
We therefore examined the effect of a-melanocyte-
s timulat ing hormone (a-MS H). Sebum secretion 
increased in in tact fema le ra ts after daily t reat -
ment wi th 0.05 mg a -MSH (Thody a nd S huster, 
1971e) (Fig. 26). Furthermore, a-MSH comple tely 
restored sebum secretion to normal in the posterior 
hypophysectomized rats (Thody and Shuster, 
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FIG. 27: The rate of sebum secretion in posterior 
hypophysectomized male rats before and after daily 
treatment with 0.05 mg a -MSH. 
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FIG. 28: The rate of sebum secretion in completely 
hypophysectomized male rats after daily treatment with 
va rious doses of a -MSl-1/kg body weight fo r a period of 2 
weeks. 
1973a,b) (Fig. 28). Skin lipid synthesis, measured 
by 14C-glucose incorporation in vi tro, was a lso 
decreased a fter post erior hypophysectomy and was 
restored to norma l after the administrat ion of 
cx-MSH (Cooper et al. , 1973). f MSH clearly has 
'II Cooper, M., T hody, A. J., and Shuster, S. Hormonal 
regulat ion of cutaneous lipogenesis: Effects of hyJZO· 
physectomy, posterior hypophysectomy and a-MSH 
treatment. lln preparation) 
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an important role as a sebotrophic hormone and 
the lack of this or some related peptide after pos-
terior hypophysectomy presumably accounts for 
the decrease in sebaceous gland activity. 
Completely hypophysectomized rats also showed 
an increase in sebum secretion after cr-M H. but in 
contrast to the posterior-hypophysectomized rats 
the level of sebum secretion did not return to 
normal (Fig. 28). Simultaneous treatment with 
a-MSH and 0.2 mg testosterone (i.e., within the 
physiologic range for the rat) restored sebum 
secretion to normal: moreover, the slope of the 
dose- response curve to a-M H was steeper in the 
presence of exogenous testosterone in the hypo-
physectomized rat. These and the earlier findings 
suggest that testosterone and a -MSH act both 
independently and synergistically. 
Various hormones are known to dis play melano-
cyte-stimulating activity (Ney et al., 1964; Li, 
1968; Thody and Plummer. 1971) and of these 
ACTH, P-LPH, and a-MSH are sebotrophic in the 
rat. tJ- MSH is the form normally found in man 
(Abe et al., 1967) but we have not yet examined its 
sebotrophic activity. However, in view of our 
findings with other melanocyte-stimulating hor-
mones, we feel that P-MSH or a related hormone 
may play a part in diseases where there is an asso-
ciated and unexplained seborrhea. We have now 
been able to test this idea in patients with Parkin-
sonism in whom we have indeed shown an increase 
in circulating ~-MSH (Shuster et al.. 1973). This 
observation gives further support to the sebo-
trophic role of the MSHs. 
(a) Pregnancy and suckling. The increased 
MSH secretion during pregnancy (Dahlberg, 1961) 
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Ftc:. 29: Effect of posterior hypophysel'Lomy on rate of 
sebum secretion in male rats 
could account for increased sebum secretion. After 
pregnancy sebum excretion decreases to normal 
levels, but in lactating patients it remains high 
(Fig. 24). Suckling ini1uences the release of neu-
rointermediate lobe hormones, including M H 
(Taleisnik and Orias, 1966); and this further sup-
ports the suggestion that an MSH-like substance is 
the sebotrophic hormone (Burton et al., 1973). 
(b) MSH and the adrenal. If 13-M SH is sebo-
trophic in man, it would seem worthwhile to 
examine patients whose circulating levels are in-
creased. In Addison's disease and Cushing·s syn-
drome treated by adrenalectomyt sebum excret ion 
remained abnormally low. The decrease was 
mainly seen in the females, an indication that 
adrenal androgen may be a major sebotrophic 
hormone in the human female. The decreased SER 
occurred despite the greatly increased levels of 
P-MSH measured by a radioimmunoassay (Thody 
and Plummer, 1973). Evidently MSH cannot sus-
tain a seborrhea in the absence of the adrenals. We 
have therefore examined the effect of a-MSH in 
the adrenalectomized rat. The results (Fig. 30) 
indicate that in the absence of the adrenals a-
M SH has a negligible effect. The interrelationship 
between the adrenals and MSH is not fully under-
stood . 
Brain dopamine and sebum secretion. The evi-
dence has already been discussed which suggests 
that sebum secretion is controlled by an inhibitory 
mechanism . lt now appears likely that this i ~ 
through the intermediate lobe by MS H or a related 
hormone: MSH release is known to be controlled 
by an inhibitory factor (MlF) though the nature of 
this control is more complex than was previously 
believed (Thody and Shuster, 1973a) . In Parkin -
sonism, where mid-brain dopamine is decreased, 
the stimulation of sebum secretion is restored to 
normal by L-dopa. This suggests that the release of 
sebum 14 ~ ~ Adren al" ~;~~~ ~~ · --------------~~!.~ BW/day _ 1 1 I I 
OOJ 0 1 O J \ 0 
mg ,. · MSH/kg / day 
F'1c. 30 : The rate of sebum secretion in adrenalecto-
mized ma le rat s after daily treatment with various doses 
of cr-MSH/kg body weight for a period of 2 weeks. 
TAHLE IV 
l!.'ffecl of total and posterior hy pophysectomy on bodv and organ weil(hls in the rat 
Body wt. l gml Or!(an weogh1s (mg/100 ~m BWJ 
Treatment 
Semon a I lnotial Final Adrenal Thyrood Teste• ve~icles Pro~tate 
In tact controls 2a2 .1. s 298 ± 6 17.5 "' 0.5 5.3 ± 0.6 1126.:1 ± 37.9 157.2 ± l5.5 98.9 ..t. 6.7 
Total hypophy- 2:38 1. 7 188 ± 6 7.fi ± 0.7 4.0 "' 0.3 294.H .t 12.5 22.4 ± l.8 7.9 1. 0.9 
sectomized p < O.()(ll p < 0.05 p 0 .001 p 0.()()1 p < ().()(}1 
Post hypophy- 260 * 14 267 .± 8 l-1.6 ± 1.9 4. 1 * o.a 1187.0 1. 5 1.:3 172 r 14. 1 108.7 + 13.4 
sectomized NS NS NS s NS 
NS not significant at 0.05 level of probability. 
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MIF depends on mid-brain dopamine (Fig. 31) and 
is in line with other inhibitory hormones (Kamberi 
et al., 1970a,b). The proposed control of sebum 
secretion by mid-brain dopamine which in turn 
controls release of the pituitary sebotrophic hor-
mone (Shuster et al., 1973), an MSH peptide, 
would explain the effect of various depressant 
drugs which stimulate MSH release and thereby 
induce seborrhea and exacerbate acne (unpub-
lished observations). 
The intermediate lobe sebotrophic hormone. 
Our results suggest that in the rat an important 
sebotrophic factor is secreted by the intermediate 
lobe and that this is MSH or a related hormone . 
This intermediate lobe sebotrophic hormone (lSH) 
is clearly not related to the sebotrophic material 
from the anterior pituitary of the pig described by 
Lorincz (1963) which we find to be a variable 
mixture of known anterior pituitary hormones. 
We have also shown that the posterior pituitary 
of the pig contains a sebotrophic material, the 
activity of which can be accounted for by its MSH 
content (Thody and Shuster, 1973a,b). The ISH of 
the intermediate lobe of the rat is probably a-MSH 
(Thody and Shuster, 1972a,c, 1973a,b); it is the 
main MSH in the rat and restores sebum secretion 
to normal in posterior lobe hypophysectomized 
rats (Fig. 27). ln man there is no intermediate lobe 
and the main melanocyte-stimulating hormone is 
.8-MSH from the anterior lobe. Moreover, it has 
recently been suggested (Scott et al., 1973) that 
.8-MSH normally exists only as part of the larger 
lipotrophin molecule .8-LPH. which we had previ-
ously shown to be sebotrophic (Thody and Shuster, 
1971d). There is a lso evidence that the MSH 
peptides are sebotrophic in man, but this evidence 
is indirect (e.g., Parkinsonism, suckling, and after 
drugs such as phenothiazines). 
FtG. 31; Summary of pituitary control of sebaceous 
gland activity. 
The physiologic significance of MSH in the 
mammal has not been established. In amphibians 
MSH is concerned with the control of color change. 
With the evolution of hair, control of skin color is of 
much less importance and the pigmentary hor-
mones appear to have developed new roles. Our 
studies suggest that in mammals MSH serves as a 
sebotrophic hormone concerned with the mainte-
nance of hair lipid (Thody and Shuster. 1973b). 
MSH peptides may also be sebotrophic in man. 
but they may have other functions as well. 
It seems that the pars intermedia exerts a 
controlling influence on sebum secretion and the 
anterior lobe hormones are unable to maintain 
sebum secretion in its absence. Similarly, the pars 
intermedia does not maintain sebum secretion in 
the absence of the anterior lobe. The maintenance 
of sebum secretion therefore depends upon a close 
relationship between both intermediate and ante-
rior lobes of the pituitary gland. We now know that 
both the target glands of the anterior pituitary 
hormones and ISH, the intermediate lobe sebo-
trophic factor (MSH or some related hormone from 
the pars intermedia), in some way interreact to 
control the sebaceous glands. Finally, the control 
of the secretion of the ISH and its relationship to 
mid-brain dopamine require further investigation. 
CONCLUSIOS 
Over the years a number of different methods 
have been used to assess sebaceous gland function . 
The limitations of these methods have not been 
fully appreciated and many of the divergent find -
ings that have resulted appear to be technical in 
origin. Greater awareness of the limitations of the 
various methods should provide a bette•· under-
standing of sebaceous gland physiology . 
In the present studies, we have considered a 
number of nonendocrine factors that control 
sebum secretion . The major control of sebum 
secretion, however, would appear to be endocrine. 
The fact that changes in the endocrine environ-
ment. even during early life, a1Iect sebaceous gland 
function in the adult may be extremely important 
in certain human diseases. 
Particular attention has been given to the pitui-
tary. The classical interpretation that the decrease 
in sebum secretion after hypophysectomy is due to 
the removal of the anterior lobe now has to be 
revised because we have shown that the intermedi-
ate lobe is equally important. The anterior lobe 
exerts its effect through its target glands and the 
pars intermedia through ISH (MSH or some simi-
lar hormone). The existence of an inhibitory con-
trol of sebum secretion through the intermediate 
lobe and its control by mid-brain dopamine, sug-
gests new etiologic and therapeutic possibilities. 
Our interest in sebaceous gland physiology arose 
from the need to understand the seborrhea which is 
central to the pathology of acne. Our studies have 
certainly not simplified this understanding; on the 
contrary, they have added greatly to the complex-
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it.y of the subject by demonstrating that many 
factors innuence sebaceous glands. 
T he authors wish to thank the many people who have 
collaborated in this work, particularly Dr. Angela Ar· 
chibald, Dr. Mary Cooper. Dr. Wendy Hinks, Dr. John 
Burton. Dr. Bill Cunliffe. Dr. Saleem Goolamali. and Dr. 
:-Jorman Plummer. 
REFERE;'\CES 
Abe, K .. Nicholson. W. E., Liddle. G. W .. Island. D.P., 
and Orth. D. ( 1967). Radioimmunoassav of 8-MS H 
in human plasma and tissues . . J. Clin.' lm·est.. 46: 
1609- 1616. 
Archibald, A .. and Shuster. S. ( 19671. Bioassav of andro-
gen using the rat sebaceous gland .. ) Endocrinol. . .'J7· 
22. 
Archibald, A .. and Shuster, S. (19691. The bioassay of 
androgens and antiandrogens usinf?; sebum secretion 
in the rat. Proc. R. Soc. Med., 62: 887-888. 
Archibald, A., and Shuster. S. ( 1970). The measurement 
of sebum secretion in the rat. Br .. ). Dermatol.. 82.· 
146 lfil. 
Archibald, A., and Shuster, S. (1973). A non-endocrine 
l'llllt ml of sebum secretion. Arch. Dermatol. Forsch , 
246.· 175 lllO. 
Barraclough, C. A. ( 1961 ). Production of anovulatory 
sterile rats by single injections ot'testo~lerone prop&n· 
nate. Endocrinolo1,ry. 68: 62-67. 
Bruchuvskv. :"'\ .. and Wilson. J.D. ( L968al. Evidence that 
dihvdrotestosterone is the active form or testoster-
one. Clin. Res .. 14: 74. 
Bruchovskv. :-J .. and Wilson .. J. D .! 1968b). The conver-
sion o.f testosterone to Sa-androstan-178-ol-one by 
rat pro~tate in vivo and in vitro .. ). Riol. Chern .. 243: 
2012- 2021. 
Bruchovskv. N .. and Wilson. J . D. (1968cJ. The intra· 
nuclear binding or testosterone and 5a-androstan-
17/3 o(.:! one bv rat prostate .. J Bioi. C'hem .. 24.1 
5953-5960. 
Burton. J . L.! 19701. The physical propertie~ of sebum in 
acne vul~aris. C'lin. Sci .. 39: 757. 
Burton. J. L.. Cartlidge, M. , and Shuster. S. 1 197~c) . 
Vanations in sebum secretion during the menstrual 
cycle. Acta Derm. Venereol. (Stockh.), 53: 81-84. 
Burton. ,J. L .. Cartlidge, M .. and Shuster, S. ( 1973bl. 
Effect of L-dopa on the seborrhoea of Parkinsonism. 
Br. ,). Dermatol., 88· 475. 
Burton,.). L., Cunliffe, W .• J .. Millar, D. G .. and Shuster, 
S. ( L970b). Effect of pregnancy on sebum excretion. 
Br Med. ,J.. 2: 769 771. 
Burton .• ). L .. Cunliffe. W . .J.. Saunder~. I. G. G .. and 
Shuster. S. (197La ). The effect of facial nerve paresis 
on sebum excretion. Br. J. Dermatol.. 84: 1:35 138. 
Burton .. J. L .. Cunliffe, W. ,J., and Shuster. S. I 1970al. 
Circadian rhythm in sebum excretion. Br. J. Der· 
matnl., 82: 497 fiOI. 
Burton. ,). L., Johnsnn, (' ., Libman. L., and Shuster. S. 
( 1972a) . Skin virilism in women with hirsuti5m ,J. 
Endocnnol., .s:J 349-35-1. 
Burton. ,J. L., Libman. L . . J .. Cunliffe. W ,J., Wilkin~un , 
R .. Hall. R. and Shuster. S. !l972bl. Sebum excre· 
lion in acromegaly. Br. Med. ,J.. I .J06 108. 
Burton. J. L .. Libman. L. ,J.. Hall. R., and Shuster. S. ( 197 I bl. Laevo-dopa in acne vulgaris Lancet. 2: :l?O. 
Burton .• J. L.. and Shuster. S. 11970). E:ffecr of L-dopa on 
seborrhea of Park insonism. Lancet. 2: 19- 20. 
Burton. ,J. L .. Shuster. S .. Cartlidge. M .. Libman, L . . J., 
and Martell, U. (l973a) . Lactation, sebum excretion 
and melanocyte-stimulating hormone. Nature, 243.· 
3-19 350. 
Cartlidge. M., Burton, J. L. , and Shuster, S . (19721. The 
effect of prolonged topical application of an anti· 
cholinergic agent on the sebaceous glands. Br . . J. 
Dermatol. 86.· 61 63. 
Chakraborty. J .. Thomson .• J., MacSween. M. P .. Muir, 
A. V .. Caiman, K. C' .. Grant,.). K .. and Milne .. ). A. (19701. The in vitro metabolism nf 7a-•H-dehydro· 
epiandrosterone by human skin. Br .. J. Dermatol., 
83: 477 482. 
Cheng. K. W., and Friesen, H. G. (1970). Physiological 
factors reJ?;ulating secretion of miurophvsis. Metabo-
lism, 19: 876 890. 
Cooper. M .. Thody. A .. J.. and ' buster, S. ( 19i3). Effects 
of a-MSH on cutaneous lipo~renesis in the rat. Acta 
Endocrinol. Suppl. 177: 2ifi. 
Cotterill. .J. A .. Cunliffe. \\'. J .. Williamson. 13.. Arrow-
smith.\\'. A .. Cook. J. B .. and Sumner. D. (1971). 
Sebum excretion rate and skin-surface lipid compo-
sition in Parkinson's disease before and during 
therapy with levodopa. Lancet 1: 1271. 
Cunliffe. W . • J.. Burton. J . L .. and Shuster, S. (19701. 
Effect of local temperature variations on the sebu m 
excretion rate. Br. J. Derma to!.. 83: 6.10 653. 
Cunliffe. \V .• ) .. and Shuster. S. !1969al. The rate or 
sebum secretion in man. Br .. J. Dermatol.. 81: 
697-704. 
Cunliffe. W. J. , a nd Shuster, S. (1969b) . Pathogen-
esis of acne. Lancet. I : 685 687. 
Dahlberg. B C'. G. ( 19611. Melanocyte stimulating sub-
stances 10 the urine of pregnant women. Acta Endo-
crinol. (l{bh). Suppl. 60· 1 .')1. 
Ebling, F . . J. ( 1918). Sebaceum, glands. I. The effect of sex 
hormone>. on the sebaceous glands of the female 
albmo rat. ,). Endocrinol. . .'): 297 ·302. 
Ebling. F .. J. ( 19;,:;), Endocrine factors affecting cell 
replacement and cell lm.s in the epidermis and 
sebaceou!o glands of the female albino rat .). Endo-
crinol., 12. 38- 19. 
EblinJ?;. F .. J. ( 19611. Failure of prol!esterone to enlarge 
sebaceous glands in the female rat. Br . . J. Derma to!., 
7.'1: 65 68. 
Ebling, F. ,J. ( 196:l). Hormonal control of sebaceous 
glands in experimental animals. In: Advance.~ in 
Biolol(v of Skin. Vol. 4. The Sebaceous Gland.~ (ed. 
by Montagna. W .. Ellis. R. A., and Silver. A. F.l. 
Per~amon Pre~s. Oxford, pp. 200-219. 
Ebling. F. ,J., Ebling. E .. McCaffery, V .. and Skmner, J. 
(1971). The response of the sebaceous glands of the 
hypophysectomized- cast rated male rat lo 5a-dihy-
drotestosterone. androstenedione. dehydroepian· 
drosterone and androsterone. ,). Endocrinol., .5/: 
181 - 190. 
Ebling, F .. J. . Ebling. E .. and Skinner .. J. !l969a). The 
influence or pituitary hormones on the response of 
the sehaceou~ glands of the male rats to testosterone. 
.J. Endocrinol.. 4.5: 245 256. 
Ebling, F .• 1 .. Ebling, E .. and Skinner . • }. ( t969bl. The 
influence of the pituitary on the response of the 
sebaceous and preputial glands of the rat to proges-
terone .. J. Endocrinol., 4.5: 257 ~63. 
Ebling. F . .J.. Eblmg. E .. and Skinner, J. (1970b). The 
effects or thyrotrophic hormone and of thyroxine on 
the response of the sebaceous glands of the rat to 
testosterone. ,J. Endocrinol .. 48: 83-90. 
Ebling. F .. J.. Ebling, E., Skinner . • ]., and White. A. 
(l970a l. The respon~e of the sebaceous glands to 
adrenocorticotrophic hormone and to testosterone .. J. 
Endocrinol., 48: 73 ·81. 
Ebling. F . . J., and Skinner. J. (19671. The measurement 
of sebum production in rats treated with testosterone 
and estradiol. Br .• J. Dermatol.. 79: 386 :-192. 
Faredin , 1. . Webb, J . 1<., and Julesz. M. ( 19671. The in 
vitro metabolism of dehydroepiandrosterone in 
human skin. Acta Med Acad. Sci . Hung .. 2.1: 
169 180. 
Flamign1. C. A., Collins. W. P., Koullap&s. E. N .. and 
Sommer,ille. I. F. ( 1970). Formation and metabo-
lism in rat skin. Endocnnology. 87: 764-770 
Gomez, E. C., and Hsia. S. L. ( 1968). ln vitro metabo· 
lism of testosterone-4-"C and A"-androstene-:3,17· 
dione-4· "C in human skin. Biochemistry, 7: 24-32. 
Hamilton, ,) B., and Mestler, G. E . ( 196.'3). Lo" values 
for sebum in eunuchs and oophorectomized women. 
Proc. ::)oc Exp. Bioi. Med. , 112: 374. 
Harris, G. W. (1964). The llpjohn Lecture of the Endo-
190 THE JOURNAL Or INVESTIGATIVE DERMATOLOGY 
crine Society. Sex hormone~. brain development and 
brain function. Endocrinology. 7.5: 627-648. 
Haskin, D .. Lasher. N .. and Rothman, S. !1953). Some 
effects of ACTH. cortisone. progesterone and testos-
terone on sebaceous glands in the white rat. J . 
Invest. Dermatol., 20: 207- 212. 
Hodgins. M. B. (1971). In vitro metabolism of dehydro-
epiandrosterone and dehydroepiandrosterone sul-
phate in breast skin of women. Steroids. 18: 11-23. 
Houssay, A. B .• Epper. C. E .• and Pazo. J. H . (1965). 
:-Jeurohormonal regulation of the hair cycles in rats 
and mice. In: Bwlof.!v of the Skin and Hair Grou.:th 
(ed. by Lyne. A. G .. and Short, B. F.). Angus and 
Robertson, Sydney, pp. 641-654. 
Jurenka , W. (1935). Fettsekretion der Korperhant und 
Schilddrlise. Ztschr. f. Zlicht. Reihe Tierzlicht in 
Zuchtungs bioi. 31:373-391. quoted by Rothman. S. 
(1954) In: PhysioloR.' and Biochemistrv of the Skin. 
The University of Chicago Press, Chicago, p. 302. 
Kalz , F .. and Scott. A. ( 1956). Cutaneous changes during 
the menstrual cycle. Arch. Dermatol. , 74: 493-503. 
Kamberi , I. A .• Mica!. R. S .. and Porter. J. C. ( L970b). 
Effect of anterior pituitary perfusion and intraven-
tricular injection of catecholamines and indolea-
mines on LH release. Endocrinology. 87: 1- 12. 
Kamberi, L A., Schneider, H. P. G., and McCann, S. 
M. ( l970a). Action of dopamine to induce release of 
FSH-releasing factor (FRFl from hypothalamic t is-
sue in vitro. Endocrinology. 86: 278- 284. 
Kim, M. H. , and Herrmann, W. C. (1968). In vitro 
metabolism of dehydroepiandrosterone sulfate in 
foreskin. abdominal skin and vaginal mucosa. J . 
Clin. Endocrinol., 28: 187- 191. 
Li, C. H. (1968). Q-lipotrophin, a new pituitary hormone. 
Arch Bioi. Med. Exp., 5: 55--61. 
Lorincz. A. L. (1963). The effects of progesterone and a 
pituitary preparation with sebotroph ic activity on 
sebaceous glands. In: Aduances in Biolol{v of Skin. 
Vol. 4. The.Sebaceous Glands (ed. by Montagna, W .• 
Ellis, R. A., and Silver, A. F.). Pergamon Press, 
Oxford, pp. 188- 199. 
Lorincz, A. L., and Lancaster, G. (1957). Anterior 
pituitary preparation with tropic acti,·ity for seba-
ceous, preputial and harderian glands. Science. 126: 
124- 125. 
Ney, R. L .. Ogata, E .. Shimizu, N., ' icholson, W. E., 
and Liddle, G. E. (1964) . Structure function rela -
tionships of ACTH and MSH analogues. Excerpts 
Med. Int. Congr. Ser .. 83: 1184- 1191. 
Nikkari, T. ( 1965).Composition and secretion of the skm 
surface lipids on the rat: Effects of dietary lipids and 
hormones. Scand. J. Clin. Lab. Invest .. 17 (Suppl. 
85): 1- 140. 
Nikkari, T ., and Valavaara, M. ( 1969). The production of 
sebum in young rats: Effects of age, sex. hypophysec-
tomy and treatment with somatotrophic hormone 
and sex hormones. J. Endocrinol. 43: 113-118. 
Nikkari, T ., and Valavaara, M. (1970). Effects of andro-
gens and prolactin on the rate of production and 
composition of sebum in hypophysectomized female 
rats. J. Endocrinol., 48: 37:\-378. 
Pochi , P . E., Strauss, J. S., and Mescon, H. (1962). 
Sebum secretion and urinary fractional 17 -ketoste-
roid and total 17-hydroxycorticoid excretion in male 
castrates. J. Invest. Dermawl., 39: 475-483. 
Pochi, P. E., Strauss, J. S., and Mescon, H. (1963). The 
role of adrenocortical s teroids in the control of 
human sebaceous gland activity. J. Invest. Der-
malOL, 41: 391-399. 
Pritchard, J . E. , Edwards, L. D., and Christian, ,J. E. 
(1949). A study of the surface lipids of skin. J. Am. 
Pharm. Assoc., 28: 546- 549. 
Scott, A. P., Lowry, P. J., and Ratcliffe, J. G. (1973). 
Corticotrophin and 11-MSH related peptides in 
human pituitary glands. Acta Endocrinol. (Kbh), 
Suppl., 177: 147. 
Shuster, S. (1970). The bioassay of androgen, anti-andro-
gen and other hormones on the sebaceous gland. Br. 
J . Dermatol.. 82(Suppl. 6): 15- 18. 
Shuster. S. !1972). Primary cutaneous viril ism or idi- • 
opathic hirsuties? Br. Med. J .. 2: 285 286. 
Shuster, S., Thodv. A. J .. Goolamali. S. K., Burton, J. 
L., Plummer. N. A., and Bates. D. ( 1973). Melano-
cyte-stimulating hormone and ParkinsonL~m. Lan-
cet. I: 463- 465. 
Strauss, J . S .. and Kligman. A.M. (1959). The effect of 
ACTH and hydrocortisone on the human sebaceous 
gland. J. Invest. Dermatol. , 33: 9-14. 
Strauss, J. S., and Kligman, A. (1961). The effect of 
progesterone and progesterone-like compounds on 
the huma n sebaceous gland. J. Invest. Derma to!., 36: 
309-318. 
Strauss, J. S .. and Pochi, P. E. (1961). The quantitative 
gravimetric determination of sebum production. ,J. 
Invest. Dermatol. , .'16: 293 298. 
Strauss. J . S., and Pochi, P. E. (1963). The hormonal 
control of human sebaceous glands. In: Advances in 
Biolof.!_v of skin. Vol. 4. The Sebaceou..~ Gland.~ (ed. by , 
Montagna, W .. Ellis, R. A., and Silver, A. F.J. 
Pergamon Press. Oxford, pp. 220-25-1. 
Strauss. J. S .. and Pochi , P. E. (1968). Sebaceous gland 
response in man to the administration of te>.toster-
one, 6' androstenedione and dehydroepiandroster-
one. J . Invest. Dermatol. , .50: 358-359. 
Strauss. J. S ., and Pochi , P. E. (1969). Recent advances 
in androgen metabolism and their relation to the 
skin. Arch. Dermatol. , 100: 621- 636. 
Taleisnik. S., and Orias, R. (1966) . Pituitary melanocyte 
stimulating hormone !MSH) after suckling stimulus. 
Endocrinology, 78: 522 526. 
Thody, A. J., and Plummer, N. A. (1971). The melano-
cyte stimulating activity of several commercial cor-
ticotrophin preparations. Br. J. Dermatol.. 84: 
361-365. 
Thody, A. J., and Plummer, N. A. (1973). A radioim-
munoassay for 11-melanocyte stimulating hormone in , 
human plasma. J . Endocrinol. 58: 263-273. 
Thody. A .• J .. and Shuster, S. (1970a). The effects of 
hypophysectomy and testosterone on the activity of 
the sebaceous glands of castrated rats. J. Endo-
crinol., 47: 219-224. 
Thody. A. J .. and Shuster, S. (1970b). The pituitary and 
sebaceous gland activity. J . Endocrinol. . 48: 
139- 140. 
Thody, A. J .. and Shuster, S. (197la). The effect of 
adrenalectomy and adrenocorticotrophic hormone 
on sebum secretion in the rat. .]. Endocrinol., 49: 
325-328. 
Thodv, A. J., and Shuster, S. (197lb). The effect of 
hypophysectomy on the response of the sebaceous 
gland to testosterone propionate. J. Endocrinol.. 49: 
329-333. 
Thody, A. J .. and Shuster, S. (197lc). Increased sebum 
secretion in adult female rats after neonatal treat-
ment with testosterone propionate. J. Endocrinol., 
49: 677-681. 
Thody, A. J., and Shuster, S. (l97ld). Sebotrophic activ-
ity of ,6-lipotrophin. J. Endocrinol., 50: 533-534. 
Thody, A. J., and Shuster, S. (1971e). Pituitary control of 
sebum secretion in the rat. J. Endocrinol .. 51 vi vii. 
Thody. A. J ., and Shuster, S. (1972a). The control of 
sebum secretion by the posterior pituitary. :'llature, 
2.17: 346- 347. 
Thody, A. J .. and Shuster, S. (l972b). A study of t he 
relationship between the thyroid gland and sebum 
secretion in the rat. J. Endocrinol., 54: 239 244. 
Thody. A. J .. and Shuster. S. (l972c). The anterior 
pituitary and sebum secretion in the rat. J. Endo-
crinol.. 54: 519-520. 
Thody. A. J .. and Shuster. S. (1973a). The control of 
melanocyte-stimulating hormone secretion. J. Endo-
crinol., 58: XXV- VI. 
Thody, A. J., and Shuster, S. ( 1973b). A possible role of 
MSH in the mammal. Nature, 245: 207- 209. 
Wilson, J_ D., and Walker, J. D. (1969). The conversion 
of testosterone to Sa-androsLan-1711-ol-3-one (dihy-
drotestosterone) by skin slices of man . • ]. Clin. 
In vest., 48: 371-379. 
